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Abstract

This paper presents a Leak Path Factor (LPF) analysis for a postulated fire accident on a building
containing plutonium powder when the resulting outside release is partly through the
ventilation/filtration system and partly through other pathways such as building access doorways.
When analyzing an accident scenario involving the release of radioactive powders inside a
building, various pathways for the release to the outside environment can exist.

This study is presented to show how the multiple building leak path factors (combination of
filtered and unfiltered releases) can be evaluated in an integrated manner to assess the magnitude
of the source term to be used in the consequence analysis.

The core of the analysis is to calculate the leak path factor, which represents the fraction of
respirable radioactive powder that is made airborne that leaves the building through the various
pathways. The computer code of choice for this determination is MELCOR!. The analysis
results can be used for the transport and dispersion of powder material released to the
atmosphere and to estimate the resulting dose that is received by the downwind receptors of
interest.

This work can be used as model for performing analyses for systems similar in nature where
releases can propagate to the outside environment via filtered and unfiltered pathways. This
example provides guidance to analysts outlining the essential steps needed to perform a sound
and defensible analysis.

Introduction

Subpart B of the Nuclear Safety Management Rule? requires preparation of Documented Safety
Analyses for Department of Energy nuclear facilities, including those of the complex, multi-
volume Hazard Category 2 type. Facilities of this nature may pose significant in-facility
transport, or Leak Path Factor, issues to analysts, particularly as mission, operational modes and
transfer of material decision-making often takes place in parallel to aggressive accident analysis
schedules for meeting the 10 CFR 830 deadlines.

This paper provides an overview of the accident analysis and specifically, the LPF for a generic

non-reactor nuclear facility. While graded approach principles® would not suggest explicitly
calculating the LPF for all nuclear facilities, there is a subset for which insights may be gained
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into facility response and accident management. Thus, the facility is intended to be
representative of the complex, Category 2 type where additional effort can be productive towards
reducing overly conservative LPF values. The example facility contains multiple rooms where
the chief Material-at-Risk is plutonium oxide powder.

Overview of MELCOR Computer Code

MELCOR 1.8.5 was developed by Sandia National Laboratories under support of the United
Stated Nuclear Regulatory Commission (USNRC). MELCOR is a fully integrated, engineering-
level computer code whose primary purpose is to model the progression of accidents in light
water reactor nuclear power plants. MELCOR is a mature code that is exposed to a wide
spectrum of user worldwide, and it can be intelligently adapted to evaluate the Leak Path Factor
for accident conditions in non-reactor nuclear facilities using its robust built-in models
capabilities in aerosol dynamics.

MELCOR modeling is general and flexible, making use of a “control volume” approach in
describing the plant/facility system. The various code packages have been written using a
modular structure with well-defined interfaces between them.

The MELCOR code is composed of a large number of modules that together model the major
systems of a nuclear reactor. The great majority of these models are not required for Leak Path
Factor analyses, and when performing LPF studies for non-reactor nuclear facilities the modules
used are then reduced to those which will enable the modeling of the release and transport of
aerosolized materials.

Analyses

An ideal non-reactor nuclear facility is the subject of this study. A two-floor building is
analyzed where two rooms are selected to have fire-induced release of plutonium oxide powder.
The two fire locations are selected to show how the analysis results can be affected by the
location of the fire with respect to other rooms and proximity to outside doors. The first step to
be taken in this analysis is the creation of a MELCOR mathematical model of the facility to
analyze, and then the assessment of the LPF results.

A schematic arrangement of the facility subject of this analysis is shown in Figures 1 and 2.
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The figures above show also the various building external volume will be used to simulate the
building external environment and ventilation sources and sinks.

The locations selected for the two fires are volumes 500 and 130 as shown in Figure 1. These
are also the location where the fire-induced release of plutonium oxide takes place. A simple

block diagram shown in Figure 3 is generated to synthesize the two sketches for used in the
MELCOR analysis.
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Figure 3 — Building Block Diagram
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It has to be noted that the direction of the flow shown in Figure 3 is an assumed positive
direction for MELCOR to initialize the simulation. The code will assign the proper flow
direction based on the computed actual flow.

The building internal air temperature used in the analysis is 294 K (70 °F), and the building
outside environment temperature used is 283 K (50 °F). The wind speed and direction used to
simulate an overall pressure differential across the building are 2.24 m/s (5 mph) and wind from
the south. Ideally the wind speed should be consistent with the meteorological conditions used
in subsequent atmospheric dispersion analysis.

The wind pressure effects on the building are evaluated using the ASHRAE* methodology and
are applied to model environmental influence. The building wind pressure is calculated from the

dynamic head equation written in the form:
2

V.
AP, =c, p—
w Wp 2

Where:
AP, = Localized air pressure change due to wind

c,= Wind pressure coefficient
V, = Wind speed
p=  Air density

The wind coefficient c,, varies with wind direction relative to building surfaces. With wind
impinging normally on a wall ¢, = +0.7. Wind parallel to a wall produces a wind coefficient of
—0.35 and on the downwind side of the building a coefficient of —0.4 is used. Using these wind
pressure coefficients, the pressure difference across the facility can be calculated.

The effective fire power used in both volumes is given in Figure 4. This is simulated by input of
mass and energy into a control volume (very small mass with large specific energy vs. time)
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Figure 4 — Fire Power Profile

MCAP 2004 Page 5 of 11



WSRC-MS-2004-00296

The release of the plutonium oxide powder is modeled to take place 3000 s after the fire start to
assure the fire has already released energy into the volumes where the fire is located. The
amount of powder released for the MELCOR simulation is 1.0 g of Pu?*®, Releasing a small
amount of material is generally in the conservative direction®. The calculated value of the LPF
can decrease for a larger amount of material released because of enhanced agglomeration of
smaller particles. Generally for fire analyses, the effects of agglomeration are not significant.
Agglomeration effects can be important for non-energetic events in which there is no ventilation
flow and wind-induced pressure forces on the building are the driving mechanism for air
exchange. Figure 5 shows the results of a parametric study on agglomeration effects for this type
of situation. Specifically, Figure 5 shows the increased effects of agglomeration through lower
LPF values that occur as the quantity of airborne mass of plutonium powder increases”.
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Figure 5 — Influence of spilled mass on LPF
The plutonium oxide powder particle size distribution used is obtained from experimental data®.

Maximum aerosol particle diameter = 3 um

Minimum aerosol particle diameter = 0.003 um
Volume-equivalent mass median particle diameter = 2.3 um
Geometric standard deviation of the particle size distribution = 2

With the parameters described above approximately 63% of the airborne particles distribution is
smaller than 3 um (10 um Aerodynamic Equivalent Diameter) and respirable.

The Probability Density Function for a lognormal distribution used in MELCOR is

1In2(dp/dm)
2 In%(o)

1
PDF =—— e
V27 d,In(o)
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Where:
dp is the distributed variable particle diameter,

dm is the volume-equivalent mass median particle diameter, and
o is the geometric standard deviation

238

Figure 6 shows the initial distribution of Pu*® powder particles used in the analyses.
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Figure 6 — Lognormal distribution of Pu
A total of 1 g of Pu*® powder with this particle size distribution is initially made airborne in the
analyses. The accident analysis that is required to estimate the amount of respirable material that
is made airborne during the fire is outside the scope of this paper.

The filtration system selected for this study is set to be resistant to hot gases generated by fires
(sand filter type) and the efficiency used for the system is 0.995, with ventilation remaining
operational during the fire event.

With all this information at hand, the MELCOR building model can be built to evaluate the
various contributors to the building overall leak path factor.

It is advisable to have individual environmental volumes for each pathway leading out of the

building. This is important to assess the contribution to the overall LPF from the various flow
paths.
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For both fire locations (volumes 500 and 130) the ventilation flow rates used in the analysis are
0.6 m*/s for the air supply and 0.7 m*/s for the air exhaust, and all building doors are kept closed
with small gaps.

A MELCOR analysis is performed separately for each fire location and the results provided
show how the total building LPF is accounted for.

Figure 7 shows the MELCOR calculated LPF (total LPF and individual contributions) for a fire
in volume 500.
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Figure 7 — Leak Path Factor Summary — Fire in Volume 500

Figure 7 shows that the contribution to the LPF due to the doors (West + South) is larger than the
contribution due to the filter system release. That is caused by the model geometry and flows
established by the MELCOR simulation for the given boundary conditions. The volume 500
area has a pathway closely connected to the outside environment through the West door,
consequently the fire induced pressure inside the volume 500 space causes most of the
aerosolized release to occur through the West door (much less goes out the South door). The
filter in the ventilation system significantly reduces the amount of aerosolized material that exits
the building through this pathway. All other pathways not shown contribute negligibly to the
atmospheric release. It is expected to have a larger amount of aerosolized material leaving the
volume 500 area toward the outside through the West door then through the filter system and the
South door because of the fire-induced pressurization inside the volume 500 area.
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Figure 8 combines the unfiltered and unfiltered contributions of the leak path factor.
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Figure 8 — Unfiltered and Filtered Contribution to the LPF - Fire in Volume 500

A new analysis is now performed where the fire is in volume 130, the north east side of the
building. In this case, volume 130 is not closely connected to and door leading to the outside of
the building. All the parameters used in this new analysis are the same. This new arrangement
shows how the results change with a different fire location.

Figure 9 shows the MELCOR calculated LPF (total LPF and individual contributions) for a fire
in volume 130. The value of the calculated LPF is much smaller.

MCAP 2004
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Figure 9 — Leak Path Factor Summary — Fire in Volume 130

Figure 9 also shows that the contribution to the LPF due to the filter system release is larger than
the contribution due to the release from the North door. That is caused by the model geometry
and flows established by the MELCOR simulation for the given boundary conditions. Volume
130 has doors closely connected to the building inside, and the North door is not closely
connected to volume 130. As a consequence the amount of aerosolized material leaving the
volume 130 toward the filter system is larger than the amount exiting by the North door. All
other pathways not shown contribute negligibly to the atmospheric release.

Concluding Remarks

The results given in this paper is time-dependent Leak Path Factor for a fire-induced release of
plutonium powder. The approach used in the analysis is simple and it is based on a careful
evaluation of the various contributions to the leak path factor for the facility. The use of a time-
dependent LPF is a viable methodology to evaluate a time-dependent source term for the
subsequent consequence analysis. This results in more realistic doses. The use of MELCOR
offers a robust method to assess the amount of material that can be released because of accidents
found in non-reactor nuclear facilities.

Using the methodology presented in this paper, the chief benefit that can be found is the possible

integration of source term evaluation and its consequence analysis. This work can be used as
model for performing analyses for systems similar in nature where releases can propagate to the
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outside environment via filtered and unfiltered pathways. The methodology provides guidance
to analysts outlining the essential steps needed to perform a sound and defensible analysis.
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